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L 
INTRODUCTION. 
In a previous paper  I  it was shown that the amount of arginine oc- 
curring as such (pK' =  8.1) in proteins is a small portion of the arginine 
found on hydrolysis.  The remainder is produced by  the  hydrolysis 
of a  weak basic group (pK  t =  4.6)  to which the name "prearginine" 
is given.  2 
H. 
Edestin. 
We now turn to edestin (a protein from hemp) which gives a high 
yield in  arginine on  hydrolysis.  The  available  data  on  edestin  in 
alkaline  solution  are  inconsistent  and  we  obtained  new  titration 
data in this range.  Since our new data are no marked improvement 
over the old we will not publish them but present our analysis of the 
data assembled by Cohn.  3  Curve A in Fig. 1 shows the experimental 
values.  The dotted  portion of  Curve A  (in alkaline solution)  indi- 
cates that the protein is modified in that range.  The true curve in 
alkaline solution should agree with Curve B3. 
Curve Bx corresponds to the amino acids found on hydrolysis.  In 
1 S~mmg, H. S., J. Gen. Physiol.,  1928, xl, 629. 
2 The  name  "preargin~ne',  is given  to  that  portion of  the  protein molecule 
having a  basic group ionizing about pH 4.6 and yielding arg~nlne on hydrolysis. 
It may be composed of one, or of more than one, amino acid.  Such a weak basic 
group  should consist of  a  primary amino group  attached  to  a  conjugated un- 
saturated system (perhaps cyclic) as in aniline or cytosine. 
s Cohn, E., Physiol. Rev., 1925, v, 349. 
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l~o.  1.  A.  Experimental  titration  curve  of  edestin.  B1,  B~,  Bs,  curves 
calculated to correspond with various amounts of the ionizable groups. 
TABLE  I. 
Analysis of Edestin Data  Demonstrating  the Rdation  between Arginine and 
Prearginine. 
Groups 
Acidic 
Ba~c 
Sources 
Dicarboxylic acids* 
Tyrosine 
Prearglnine 
Histidinc 
Arginlne 
Lysine 
Indices in  ~xlcstint 
pGt'=  3.0t 
pGs' =  9.4 
pG2'=  3.6t 
pGd=  5.1t 
pG~'=  8.1 
pGd =  10.6 
Equivalents per 2,500 gin. 
On 
hydrolysis 
4.5* 
0.7 
0 
0.6 
2.2 
0.6 
Titration  data  Difference 
0.5  --4.0 
0.7  0 
2.2  -I-2.2 
0.5  --0.1 
0  --2.2 
0.5  --0.1 
* The value for the free carboxyl groups is the total dicarboxylic acids minus 
the amount bound as amides (7.8  -  3.3  = 4.5 equivalents). 
t The indices of carboxyl groups, of preargiuine and of  histidine in gelatin are 
about 3.5, 4.6 and 6.1 respectively. 
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B~ there is no arginine but an equal amount (2.2 equivalents) of pre- 
arginine.  Bn represents the same groups but in the amounts given in 
Table I  (under "titration  data").  This last curve (Ba) is probably 
correct on the alkaline side but must  be shifted to  the left on the 
acid side in order to agree with the experimental data (Curve A). 
This indicates that the COOH index is a  little lower than 3.5  (say 
3.0) and the prearginine and histidine indices are lower than their usual 
values (about 3.6 and 5.1). 
The results of the titration curve analysis are given in the next to 
the last column of Table I.  The preceding column gives the equiva- 
lents of the amino acids found on hydrolysis.  The values for histi- 
dine and lysine (0.6 and 0.6) are taken from Van Slyke  4 rather than 
from Vickery and Leavenworth  ~ since the latter values (0.3 and 0.4) 
are lower than those we obtain from titration data (0.5 and 0.5). 
It will be observed that there is no free arginine  group in  edestin 
and that all the 2.2 equivalents found on hydrolysis exist in this pro- 
rein  as prearglnine.  4.0 equivalents of the "free"  carboxyl groups 
do not ionize (perhaps bound as anhydride).  All the other groups 
i.e., tyrosine, histidine and lysine exist in edestin  in  approximately 
the amounts found on hydrolysis. 
HI. 
Hydrolyzed Edestin. 
We made up four samples of edestin and hydrolyzed them with pep- 
sin in acid solution (data given in Tables II to V).  The hydrolyses 
were stopped at different points, neutralized with an amount of alkali 
exactly equal to the acid and titrated electrometrically. 
Edestin  contains  18.6  per cent nitrogen, or  33.3  tools per  2,500 
gin.  9.0  equivalents of  this is non-a-nitrogen in  the  basic  groups, 
leaving 24.3  equivalents of a-nitrogen.  The initial  acid-combining 
capacity  (due  to  the  ionizable  non-a-nitrogen)  is  3.2  equivalents. 
Hence the degree of hydrolysis given by the equation 
100  (a  -- 3.2) 
Per cent hydrolysis -- 
24.3 
4 Van Slyke, D. D., J. Biol. Chem., 1911, x, 15. 
s Vickery, H. B., and Leavenworth, C. S., Y. Biol. Chem., 1928,  lxxvi, 707. 234  PREARGININE  IN EDESTIN 
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Fro. 2.  Titration curves of edest/n (E), of pepsin (P) and of solutions of edestin 
hydrolyzed to different degrees with pepsin (EP,, EP2, EPa, and EP4). m~m~Y s.  s~s  235 
where A is the acid-combining capacity (in equivalents per 2,500 gm.) 
of a  hydrolyzed solution.  On this basis the four samples of edestin 
were hydrolyzed 5 per cent, 14 per cent, 18 per cent and about 30 per 
cent respectively.  These  were titrated  and  the  data  are  given  in 
Tables II to V. 
None of these solutions showed any change of prearginine into ar- 
ginine in their titration data (given in Fig. 2).  Such a change would 
be manifested by a drop in the EP curves at 3.7  (prearginine) and a 
rise at 8.1 (arginine), as compared with the Curve E of edestin.  Com- 
parison curves  e were drawn and in the first three samples corroborated 
this  conclusion  (that  prearginine  is  not  converted into  arginine in 
these solutions).  However the comparison curve of the fourth sample 
showed that it had hydrolyzed so far that the buffer effect of the 
carboxyl groups  (3.3)  and the a  amino groups  (7.9)  would make it 
impossible to observe this change if it occurred. 
Thus we know that prearginine is not destroyed by hydrolysis up 
to 18 per cent with pepsin.  We also know that complete hydrolysis 
destroys it, since arginine can be isolated quantitatively from the re- 
suiting solution,  s 
Hunter  7 has shown  that  the  rate  of  hydrolysis of  edestin  with 
trypsin indicates that arginine exists in two forms.  We would sup- 
pose that the more resistant form is prearginine except that the data 
(Table II) indicate, in this particular protein, that there is no free argi- 
nine group (all existing as prearginine).  Felix  8 showed that part of the 
"arginine" from hydrolyzed proteins was not precipitated in the usual 
manner.  This  fraction may be  prearginine.  Edlbacher  9 separated 
fractions  high  in  arginine  from  oxidized  proteins.  Part  of  these 
arginine-rich fractions resisted further hydrolysis.  The significance is 
doubtful. 
6 Simms, H. S., and Levene, P. A., J. Biol. Chem., 1926, lxx, 319.  The curves 
in Fig. 2 would be more accurate if the curve for the corresponding amount of 
pepsin were subtracted from the observed curve, but this would not affect the 
conclusions.  Titration data of pepsin are given in Table VI. 
Hunter, A., Trans. Roy. SOC. Canada, 1925, xix, 1. 
s Felix, K., Z. physiol. Chem., 1922, cxx, 94. 
9 Edibacher, S., Z. physiol. Chem., 1924, cxxxiv, 129. 236  PREARGININE  IN EDESTIN 
IV. 
Growth-Promotlng Activity. 
Dr. Lillian E. Baker kindly tested the growth-promoting activity  1° 
of the first three of the above samples of hydrolyzed edestin, on sar- 
comatous fibroblasts.  They  showed  activity  which  was  essentially 
the same in all three samples.  The fourth sample was not tested. 
Vo 
EXPERI~fENTAL. 
The hydrolyses of edestin were carried out as follows: 3,750 grn. 
edestin in about 125 cc. water, plus the designated volume of ~ HCI, 
plus the designated weight (0.2-0.5  gin.)  of Armour's I  :  i0,000 pepsin 
was allowed to stand the designated lengths of time at  37°C. 
After hydrolysis the HC1 was neutralized with the same volume of 
xf NaOH and the solutions were made up to 150 cc. (2.5 per cent edes- 
tin  solution).  The solutions were heated to 90°C. and filtered from 
the slight precipitate which formed on heating.  These solutions were 
titrated  by adding  requisite  amounts  of dilute  acid or base to 5  cc. 
samples,  making  up  to  10  cc.  and  determining  the  pH.  The  final 
solutions were 1.25 per cent with respect to edestin, corresponding to 
a  total volume of 300 cc. 
10 Carrel, A., and Baker, L. E., o  r. Exp. Med., 1926, xliv, 503.  Baker, L. E., 
and Carrel, A., 1928, xlvii, 353,371. rn~cgy  s.  storms  237 
TABLE  II. 
Titration  Data of Sample EP t of Edestin Hydrolyzed witk Pepsin. 
(6 cc. ~r HC1; 0.2 gin. pepsin; 3.5 hours at 37°C.,  giving 5  per cent hydrolysis.) 
b--at 
c 
2.174  --6.0 
2.580  --5.0 
3.161  --4.0 
3.294  --3.5 
3.585  --3.0 
3.819  --2.5 
4.103  --2.0 
4.381  --1.5 
4.755  --1.0 
5.007  --0.75 
5.215  --0.50 
5.472  --0.25 
6.046  --0.125 
0.050 
0.045 
0.040 
0.038 
0.035 
0.033 
0.030 
0.027 
0.025 
0.024 
0.023 
O. 022 
0.021 
b' 
--4.448 
--4.393 
--3.842 
--3.384 
--2.941 
--2.465 
--1.982 
--1.491 
--0.996 
--0.748 
--0.500 
--0.250 
--0.125 
pH 
6.3 
6.323 
6.663 
6.792 
7.316 
7.653 
7.936 
8.296 
9.061 
9.729 
10.941 
11.561 
11.827 
b--a 
c 
0 
0.25 
0.50 
0.75 
1.0 
1.5 
1.75 
2.0 
2.5 
3.0 
4.0 
5.0 
6.0 
0.020 
0.022 
0.023 
0.024 
0.025 
0.027 
0.029 
0.030 
0.033 
0.035 
0.040 
0.045 
0.050 
0 
0.250 
0.500 
0.750 
1.000 
1.500 
1.750 
2.000 
2.497 
2.984 
3.739 
3.905 
3.965 
TABLE  HI. 
Titration  Data of Sample EP 2 of Edestin ttydrolyzed witk Pepsin. 
(6 co. ~r HC1; 0.2 gra. pepsin; 23 hours at 37°C.,  giving 14 per cent hydrolysis.) 
prl 
2.252 
2.558 
2.792 
3.301 
3.457 
3.892 
3.981 
4.399 
4.771 
5.068 
5.479 
6.16 
b--a 
C 
--7.0 
--6.0 
--5.0 
--4.0 
--3.0 
--2.5 
--2.0 
--1.5 
--1.0 
--0.50 
--0.25 
0 
0.055 
0.050 
0.045 
0.040 
0.035 
0.033 
0.030 
0.027 
O. 025 
0.023 
0.022 
0.020 
b' 
-5.698 
-5.356 
--4.628 
-3.885 
-2.920 
-2.471 
-1.976 
-1.491 
-0.996 
--0.492 
--0.250 
0 
prt 
6.355 
6.626 
6.989 
7.208 
7.457 
7.905 
8.161 
8.817 
9.805 
10.866 
11.475 
11.814 
b--a 
C 
0.25 
0.50 
0.75 
1.0 
1.5 
2.0 
2.5 
3.0 
4.0 
5.0 
6.0 
7.0 
0.022 
0.023 
O. 024 
0.025 
0.027 
0.030 
0.033 
0.035 
0.040 
0.045 
0.050 
0.055 
b' 
0.250 
0.500 
0.750 
1.000 
1.500 
2.000 
2.500 
2.998 
3.982 
4.779 
5.095 
5.015 TABLE  IV. 
Titration Data of Sample EP3 of Edestln Hydrolyzed with Pepsin. 
(4.5 cc. ~  HC1; 0.5 gm. pepsin; 23 hours at 37°C., giving 18 per cent hydrolysis.) 
ptI 
2.724 
3.123 
3.395 
3.685 
3.945 
4.220 
4.443 
4.810 
5.26 
6.2 
--6.0 
--5.0 
--4.0 
--3.0 
--2.5 
--2.0 
--1.5 
--1.0 
--0.5 
0 
0.052 
0.047 
0.042 
0.037 
0.035 
0.032 
0.030 
0.027 
0.025 
0.022 
--5.552 
--4.826 
--3.907 
--2.953 
--2.474 
--1.986 
--1.492 
--0.996 
--0.499 
0 
pH 
6.636 
7.074 
7.374 
7.634 
7.851 
8.005 
8.174 
8.963 
9.469 
9.946 
10.611 
b--a 
C 
0.5 
1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 
6.0 
0.025 
0.027 
0.030 
0.032 
0.035 
0.037 
0.040 
0.042 
0.045 
0.047 
0.052 
O. 500 
1.000 
1.500 
2.000 
2.500 
3.000 
3.499 
3.998 
4.491 
4.973 
5. 876 
TABLE  V. 
Titration  Data of Sample F_,P  4 of Edestin Hydrolyzed with Pepsin. 
(6 cc. ~r HC1; 0.5 gin. pepsin; 94 hours at 37°C., giving roughly 30 per cent 
hydrolysis.) 
pit 
3.583 
3.869 
4.244 
4.846 
5.213 
5.614 
5.771 
b --a 
C 
--4.0 
--3.0 
--2.0 
--1.0 
--0.50 
--0.25 
0 
0.042 
0.037 
0.032 
0.027 
0.025 
0.025 
0.022 
b' 
--3.948 
--2.969 
--1.987 
--0.997 
--0.499 
--0.250 
0 
pH 
6.575 
6.946 
7.480 
8.098 
8.544 
9.012 
b--a 
C 
0.50 
1.0 
2.0 
3.0 
4.0 
5.0 
0.025 
0.027 
0.032 
0.037 
0.042 
0.047 
b' 
0.500 
1.000 
2.000 
3.000 
3.999 
4.997 
TABLE  VI. 
Titration  of  0.067  Per Cent  Pepsin  Solution. 
(0.2 gm. per 150 cc. mother solution or 300 cc. final solution; treated like the other 
solutions hut containing no edestin.) 
pH 
2.491 
2.539 
2.680 
2.927 
3.389 
3.580 
5.408 
b--a 
C 
--1.0 
--0.8 
--0.6 
--0.4 
--0.2 
--0.1 
0 
--0.355 
--0. 222 
--0.182 
--0.127 
--0.118 
--0.047 
0 
pH 
7.223 
8.201 
8.580 
10.357 
10.920 
11.167 
11.349 
11.631 
b--a 
c 
0.08 
0.16 
0.2 
0.4 
0.6 
0.8 
1.0 
1.6 
0.080 
0.160 
0.200 
0.341 
0.386 
0.422 
0.425 
0.500 
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VIo 
The titration data of edestin show that all the arginine found on 
hydrolysis exists in this protein as "prearginine."z, 2 
The extra ionizable groups of histidine, lysine and tyrosine are free 
in the  quantities  found on hydrolysis.  Part  of  the  extra  carboxyl 
groups  of  aspartic  and glutamic acids are bound as amides, and 50 
per cent are bound in some other manner (perhaps anhydride) leaving 
only about 6 per cent of these groups free to ionize in edestin. 
The preargin~ne in edestin is not converted into arginine on hydro- 
lysis with pepsin up to 18 per cent (of the total hydrolysis).  In more 
highly hydrolyzed solutions it is not possible to detect such a  conver- 
sion, due to high buffering.  Complete hydrolysis however converts 
prearginine into arginine which can be isolated. 
Hydrolyzed edestin promotes the growth of sarcomatous fibroblasts 
about equally well whether 5,  14 or 18 per cent hydrolyzed. 